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© Optically readable information disc having a reflection layer formed from a metal alloy. 

© An optically readable information disc having a support- 

ing plate which on at least one side has a layer of synthetic 

resin in which an optically readable structure has been 

provided which is covered with a layer of a metal alloy which . 

is selected from the group consisting of a Ag-Cu alloy with 

more than 40 at* Ag, a Cu-Cr alloy with more than 8 at.% 

Cr ( an Al-Cr alloy with more than 75 at.r< Al, an Al£u 

alloy with more than 40 at% Al, an Al-B alloy with more than 1 

70 at.Sr Al. an AJ-Mn alloy with at least 75 aL% Al and an 1 

AManthanide alloy with 0.1 to 3 at.% of the lanthanide. u J 
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Optically readable Information disc having a reflection 
layer formed from a metal alloy. 



The invention relates to an optically readable 
information disc which comprises a substrate plate -which 
has on at least one side a layer of a synthetic resin in 
which a reflecting- optical structure has been provided 
which comprises an information track of information areas 
situated alternately at a higher level and at a lower 
level, -which areas are covered with a reflection layer 
of metal. 

Such a disc is disclosed in Netherlands Patent 
Application No. 76 1 1 395 (PHN 8576) in the name of the " 
Applicants. 

The known disc is constructed from a preferably 
transparent substrate plate manufactured from a synthetic 
resin for example in particular polymethylmethacrylate, 
which plate is provided on at least one side with a 
layer of lacquer cured by means of radiation, for example, 
ultraviolet light, in which the information track is pre- 
sent and which is covered with a thin reflection layer of 
aluminium. A suitable reflection layer is a vapour- deposit- 
ed aluminium layer having a thickness of 30 am, The infor- 
mation areas in which audio or video information may be 
stored, have small dimensions. The difference in hei^it 
between the areas is approximately 0.1 - 0.2 yum. The 
longitudinal dimensions of the areas which vary in ac- 
cordance with the stored information are roughly 0.3-3 
^um. The stored information is read in reflection by 
means of laser light on the basis of phase differences. 
The laser light is preferably focused on the optical 
structure via the transparent substrate. 

Netherlands Patent Application No. 78 03 069 
(PHN 9076) also in the name of the Applicants discloses 
optically readable multi-layer information discs in which 
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partially permeable reflection layers of, for example, 
Ag, Ni or Al may be used. 

From the investigation which led to the present 
invention it has been found that the reflection layers 

5 of Ag or Al used so far show disadvantages. It has been 

found, for example, that the stability of the thin layers 
of Ag and Al is not wholly acceptable. In the Applicants' 
opinion the internal stress of the metal layer plays a 
role, but also the too low resistance against chemical 

10 attack. 

The investigation into the quality of the op- 
tically readable discs and in particular into the quality 
and durability of the reflection layers has been carrued 
out inter alia , by means of a cyclic moisture test, some- 
times termed a trnpical test. According to this test the 
discs are stored for a long test period of at least a few 
weeks in periodically varying climatologies! conditions. 
Por this purpose the discs were placed in a climate box 
and were subjected to 2k hours temperature and moisture 
cycles in which the discs were kept at a temperature of 
,1*5° C for 8 hours at a relative humidity of 70 - 90$ and 
then at a temperature of 25° C for a period of 16 hours 
at a relative humidity of 100#. It has been found that 
the quality of a reflection layer of Al is bad after a 
test period of 3-5 weeks. The reflection layer showed 
holes having a diameter of 1 /urn or larger. It will be 
obvious, that such holes very detrimentally influence the 
quality of the stored, very finely structured information. 
After the above-mentioned test period, the quality of an 
Ag layer proved to be slightly better as compared with 
Al, but in itself was still clearly insufficient. It has 
furthermore been found that an Ag layer adheres insuffi- 
ciently *o the above-mentioned light-cured lacquer layer,, 
in particular a cured layer of an aery late or methacrylate 

synthetic resin. 

The above-described problems can now be explain- 
ed at least partly from the fact that the provided reflec- 
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tion layer has a very small thickness or approximately 
70 nm. The properties of the metal, in th±s case Ag or Al f 
in such a thin layer clearly differ from the properties 
of the same metals in bulk. For example, the oxidation 
sensitivity, the sensitivity to attack by contaminations 
in the atmosphere and the. sensitivity to attack by those 
components of the underlying: cured lacquer layer which 
have not been polymerized during the exposure to light, 
hovever small the quantity of such monomers present in 
the cured lacquer may be , are obviously increased. Fur- 
thermore, the expansion of the synthetic resin present 
below the metal layer as a result of temperature varia- 
tions (thermal expansion) or as a result of moisture ab- 
sorption is higher by-a factor- of 2 to 5 than that of the 
metal layer. From this the conclusion might be drawn that 
a metal layer of the above-mentioned small thickness can- 
not form a really stable reflection layer on a synthetic 
resin substrate in which stability must be related to the 
very finely detailed optical structure. 

The Applicants have overcome this prejudice. 
The invention relates more in particular to an optically 
readable information disc of the type mentioned in the 
opening paragraph which is characterized in that the re- 
flection layer is a metal alloy selected from the group 
consisting of a Ag-Cu alloy having more than 40 at.# Ag, 
a Cu-Cr alloy having more than 8 at.# Cr, an Al-Cr alloy 
having more than 75 at.# Al, an Al-Cu alloy having more 
than kO at. tf> Al, an Al-B alloy having more than 70 at.jS 
Al, an Al— Mn alloy having at least 75 at.# Al and an Al- 
lan thanide alloy having 0.1 to 3 at. # of the lan thanide. 

With the exception of the Al-lan thanide alloy, 
each of the above-mentioned alloys preferably comprises 
at least 1 at. 96 of the composing elements. 

In contrast with the above-mentioned silver 
layer or aluminium layer and also in contrast with many . 
other metal alloys examined by the Applicants, the above- 
mentioned alloys, provided in a thin layer of, for exam- 
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pie, 30 - 300 am thick on a synthetic resin substratum, 
in particular a substratum of- an acrylate or a metba- 
crylate synthetic resin,, show an excellent stability 
tested in the above-mentioned cyclic moisture test, a 
good adhesion and furthermore a sufficiently large light 
reflection. The adhesion is determined in the so-called 
diamond scratch test in which twelve scratches are pro- 
vided in the surface of the metal layer, which scratches 
extend throughout the thickness of the metal layer. The 
pattern of scratches comprises 6 parallel scratches with 
a mutual distance of 1 mm which are crossed at right 
angles by 6 parallel scratches having a mutual distance 
of 1 mm so that the pattern of scratches comprises 2 5 
areas of 1 mm 2 . A strip of adhesive tape (sellotape) 
is pressed on the said pattern of scratches and is then 
pulled off from the surface. In the case of a good ad- 
hesion of the metal layer, the strip of adhesive tape 
will bear no material removed from the surface. 

Experiments have demonstrated that the crystal- 
lite size of a metal alloy as described above is consider- 
ably smaller than that of the individual metals of which 
the alloy is composed. For example, it has been found 
that the crystallite size of a 50 nm thiols layer of 
Ag Cu 8 is a factor 5-10 smaller than that of pure Ag. 
Applicants have come to the conclusion that the consider- 
' ably reduced crystallite size is an important cause of 
the. found improved adhesion of the layer of the metal 
alloy. It is supposed that the increase in volume of 
interface regions with a high energy level resulting *xm a re- 
duced crystallite size, is responsible for the formation 
of higher adhesive forces. 

The layer of synthetic resin on which the re- 
flection layer is provided may be a separate layer, i.e. 
provided separately on the substrate plate, for example, 
a light-cured acylate layer provided on a substrate manu- 
factured from, for. example, glass or from a synthetic 
resin, for example, polymethylmethacrylate. It is also 
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possible Tor the layer of synthetic resin to form part of 
the substrate plate and to be manufactured from the same 
material as the substrate plate. The substrate plate is 
then manufactured entirely from a synthetic resin, for 
example a plate of a cured aery late lacquer or, for exam- 
ple, a plate of polymethylmethacrylate. 

In a favourable embodiment of the information 
disc according to the invention, a metal alloy is used 
having a light reflection at 850 nm of at least 70%, se- 
lected from the group consisting of a Ag-Cu alloy with 
more than ho at.% Ag, a Cu-Cr alloy vith a chromium con- 
tent between 8 and 50 at.%, an Al-Cr alloy with a chro- 
mium content smaller than 10 at.#, an Al-Cu alloy with 
more than 40 at. 96 of Al, an Al— B alloy with at least 
90 at.% Al, an Al— Mn alloy having a manganese content 
smaller than 10 at. 96 and an Al-lanthanide alloy having 
0.1 - 3 at.# of .the lanthanide. 

The high light reflection at 85O nm m enables op- 
timum reading of the optical disc by means of an AlGaAs 
laser which is very suitable for practical purposes and 
which has an emission wavelength of approximately 8 50 nm. 

In a further favourable embodiment of the disc 
in. accordance with the invention, the Ag— Cu . alloy also 
comprises Al. In such an alloy a smaller amount of Ag 
will suffice so that cost-saving is possible. It is also 
achieved that, due to the presence of Al, an oxide skin 
is formed which gives a better resistance against chemi- 
cal attack such as oxidation. 

The formation of a favourable oxide skin also 
takes place in alloys comprising Cr or lanthanides such 
as Y (yttrium), Er (erbium) and Dy( dysprosium) . 

The reflection layer used in the disc according 
to the invention can be provided in a high vacuum by 
means of a vapour deposition process. The layer may also 
be provided by means of a sputtering process, which is 
sometimes a bit simpler from a technical point of view. 

The invention will now be described in greater 
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detail by means of tlie draving and the example below, in 
which the Figure shows graphically the crystallite size 
of some metal alloys (y-axis) as a function of the com- 
position of the metal alloys (x-axis). 

On the vertical axis in the Figure is plotted 
the crystallite size in yura of a 1 ^ura thick layer of a 
metal alloy provided as an Si-substrate by means of a 
high— vacuum vapour— deposition process. The. composition 
of the metal alloy by means of the atomic fraction X is 
plotted on the horizontal axis. Line 1 relates to the 
metal alloy Al 1 x B^. Line 2 denotes the metal alloy 

Cu Cr • and line 3 relates to the alloy Ag i Cu . 
1— x x 7 l— x x 

Examples 

A disc-shaped supporting plate of polymethyl- 
methacrylate having a thickness of 1 . 2 mm which oil one 
side has a layer of U.V. -light-cured lacquer on the basis 
of acrylic acid esters having a thickness of 20 yum, was 
provided on the side of the lacquer layer with a layer 
of metal, thickness 70 nm f having one of the compositions 
indicated in column 1 of the Table below. The metal layer 

was either vapour-deposited in a high vacuum apparatus at 

—8 

a pre-pressure of 10 Torr and an operating pressure of 
10~^ Torr, or was provided while using a magnetron sput- 
tering process performed in an argon atmosphere at an 
operating pressure of approximately 10~^ Torr. 

The light reflection of the metal layer was 
measured by focusing light of 630 nm and 850 nm via the 
supporting plate on the metal layer and determining the 
amount of reflected light and expressing it as a percen- 
tage of the radiated light. The resulting data are re- 
corded in columns 2 and 3 of the Table. The adhesion of 
the metal layer to the underlying layer of synthetic re- 
sin was determined by the above- described diamond scratch 
test. The results are recorded in column h of the Table 
in which the symbols used have the following meanings: 
+ s very -good adhesion 
+/- s sufficient: adhesion 
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- = insufficient adhesion. 

The stability of the metal layer was determined 
in the cyclic moisture test also described above with a 
duration of the test of 3 weeks. The results are record- 
ed in the last column of the Tabie in which the symbols 
used have the following meanings : 

+ =5 good stability; the quality of the metal layer 

evaluated in a microscopic examination is not re- 
duced or is not visibly reduced after the test. 

+ = sufficient stability; the metal layer after the 
test is no longer completely smooth, shows a few 
very small tears or holes or has partly a slightly 
duller surface. 

- = insufficient stability; the metal layer shows many 

holes and/or tears. 
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Composition 


light reflection in % 


Adhesion 


Stability 


reflection 
layer 
m a u • jo 


= 630 run 
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Ag - Cu 
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♦/- 
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89 
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88 


»9 


+/- 




- Cu 










50 50 
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91 
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92 
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Ag - Cu - Al 
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+/- 
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94 


+/- 


+ 


, 80 10 10 
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+/- 
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50 50 


79 


86 


+ 




60 kO 


84 


92 






Cu - Cr 
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not 
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Composition 

J» w a. -J_ v3 Vrf w^. 

layer 
in. at, # 


light reflection in # 




Stability 


= 630 nm 


= 850 nm 


Adhesion 


Al - B 










96 k 


75 


84 . 


+ 


• 

+ 


9^ 6 


74 


83 


+ 




92 8 


73 


81 


+ 


+ 


90 10 


72 


79 


+ 


+ 


80 20 


56 


59 


+ 




70 30 






+. 




Al - Car 








• 


98 2 


87 


88 


+ 




96 4 


83 


86 


+ 


.X. 


94 6 


78 


81 


+ 


• + j 


Al - Cr 










92 8 


75 


78 


+ 


4. 


90 TO 


68 


71 


+ 


X 


85 15 


45 


44 






80 20 


43 


4* 


+ 


+ 


75 25 


4a 


44 






Al - >i» 










90 10 


60 


56 




+ 


85 15 


52 


51 
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+ 


80 20 


46 


46 
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75 25 


kh 
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Al -Dy 
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79 


82 
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99.0 1.0 
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+/- 
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Composition 


light reflection in # 


Adhesion 


Stability 


re fleet ion 
layer 
I in at. i> 


= 63b nm 


=. 85O nm 
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Al - Er 
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Ag 
Al 
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[CLAIMS , 

1 • An optically readable information disc which 

comprises a substrate plate which has on at least one 
side a layer of a synthetic resin in which a reflecting 
optical structure has been provided which comprises an 
information track of information areas situated alter- 
nately at a higher level and at a lower level, which 
areas are covered with a reflection layer of metal, 
characterized in that the reflection layer is a metal 
alloy selected from the group consisting of a Ag-Cu alloy 
with more than 40 at^.Ag, a Cu-Cr alloy with more than 
8 at. # Cr, an Al-Cr-alloy with more than 75 atV# Al, an 
Al-Cu alloy with more than kO at.# Al, an Al-B alloy 
with more than 70 at.# Al, an Al— Mn alloy with at least 
75 at.# Al and an Al-lanthanide alloy with 0.1 to 3 at.# 
of the lanthanide, 

2 « An optically readable information disc as 

claimed in Claim 1, characterized in that a metal alloy 
is used having a reflection at 850 nm of at least 70# 
selected from the group consisting of a Ag-Cu alloy with 
more than kO at.# Ag, a Cu-Cr alloy with a chromium con- 
tent between 8 and 50 at.#, an Al-Cr alloy with a chro- 
mium content smaller than 10 at .36, an Al-Cu alloy with 
more than kO at.% Al, an Al-B alloy with at least 90 at«r# 
Al, an Al-Mn alloy with a manganese content smaller than 
10 at # # and an Al-lanthanide alloy with 0.1 -3 at.# of 
the lanthanide. 

3» An optically readable information disc as claim- 

ed in Claim 1, characterized in that the Ag-Cu alloy also 
comprises Al. 
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